Personality is a complex, yet partially heritable, trait. Although some Mendelian diseases like Williams-Beuren syndrome are associated with a particular personality profile, studies have failed to assign the personality features to a single gene or pathway. As a family of monogenic disorders caused by mutations in the Ras/MAPK pathway known to influence social behavior, RASopathies are likely to provide insight into the genetic basis of personality. Eighty subjects diagnosed with cardiofaciocutaneous syndrome, Costello syndrome, neurofibromatosis type 1, and Noonan syndrome were assessed using a parent-report BFQ-C (Big Five Questionnaire for Children) evaluating agreeableness, extraversion, conscientiousness, intellect/openness, and neuroticism, along with 55 unaffected sibling controls. A short questionnaire was added to assess sense of humor. RASopathy subjects and sibling controls were compared for individual components of personality, multidimensional personality profiles, and individual questions using Student tests, analysis of variance, and principal component analysis. RASopathy subjects were given lower scores on average compared to sibling controls in agreeableness, extraversion, conscientiousness, openness, and sense of humor, and similar scores in neuroticism. When comparing the multidimensional personality profile between groups, RASopathies showed a distinct profile from unaffected siblings, but no difference in this global profile was found within RASopathies, revealing a common profile for the Ras/MAPK-related disorders. In addition, several syndrome-specific strengths or weaknesses were observed in individual domains. We describe for the first time an association between a single pathway and a specific personality profile, providing a better understanding of the genetics underlying personality, and new tools for tailoring educational and behavioral approaches for individuals with RASopathies.
has sometimes been contrasted with Prader-Willi syndrome (Di Nuovo & Buono, 2011) , known for its propensity to affect emotional regulation (Avrahamy et al., 2015) . Another notable genetic condition giving rise to a singular personality profile is microdeletion 17q21.31, also known as Koolen-De Vries syndrome, generating hypersociability and a high level of frustration tolerance (Koolen et al., 2008) . The highly penetrant personality features of WBS, and Prader-Willi syndromes each result from deletion of a locus containing many genes. Although the gene KANSL1 alone is considered to cause the clinical manifestations of Koolen-De Vries syndrome (Koolen et al., 2012) , due to impact on chromatin, this gene has implications in the expression of many additional genes. This explains why very few studies have yet succeeded in narrowing down to a critical gene specific for personality features.
However, if a monogenic disorder were associated with a specific personality profile, the responsible gene would be open to further study.
In the general population, genome-wide association studies (GWAS) have had difficulties in pinpointing or replicating loci associated with personality (Calboli et al., 2010; de Moor et al., 2012; Terracciano et al., 2010) . However, a recent GWAS meta-analysis identified six loci associated with conscientiousness, extraversion, and neuroticism (Lo et al., 2017) . Interestingly, some of the GWAS loci and pathway analyses have implicated Ras/MAPK genes or signaling as being associated with personality (de Moor et al., 2012; Kim et al., 2015) .
The RASopathies are a family of monogenic disorders involving germline mutation in a gene encoding a component or regulator of the Ras/MAPK pathway; although each individual has a single autosomal dominant mutation, many genes across the signaling pathway can cause RASopathies (Rauen, 2013) . RASopathies have already been associated with autism-related behavioral traits like social responsiveness (Adviento et al., 2014; Alfieri et al., 2014; Plasschaert et al., 2015) . Beyond the context of behavioral disorders, we wanted to generally assess personality in a series of monogenic syndromes that could be analyzed together to draw conclusions about the Ras/MAPK pathway. We hypothesized that gain-of-function in the Ras/MAPK pathway could lead to specific personality profiles in RASopathies, with shared or distinct features among RASopathies.
| RASopathies
The Ras/MAPK pathway is an intracellular signaling pathway that plays a key role in the regulation of cell differentiation, migration and apoptosis, best known for the role of somatic mutations in cancer. However, when mildly dysregulated by germline mutations, the Ras/MAPK pathway is responsible for syndromic RASopathies (Tidyman & Rauen, 2016) . The RASopathies include cardiofaciocutaneous syndrome (CFC, OMIM 115150), Costello syndrome (CS, OMIM 218040), neurofibromatosis type 1 (NF1, OMIM 162200, including Legius syndrome, OMIM 611431), and Noonan syndrome (NS, OMIM 163950, including NS with multiple lentigines, OMIM 151100). A common underlying mechanism leads to some overlapping clinical features among RASopathies, but distinct mutations also lead to specific features. All of the RASopathies are rare disorders (<1/1 000), mostly segregating in an autosomal dominant mode, although frequently de novo. They often present with intellectual disability (ID), cardiac abnormalities (except for NF1), skin conditions, and a predisposition for developing tumors. CFC, CS, and NS are distinguishable by specific facial features. CFC is usually caused by a mutation in BRAF, KRAS (Niihori et al., 2006) , MEK1, or MEK2 (Rodriguez-Viciana et al., 2006 ) genes and affects around 1:810,000 individuals (Japan; Abe et al., 2012) . CS is the result of a mutation in the HRAS gene (Aoki et al., 2005 ) (90%) affecting 1:380,000 live births. NF1 affects from 1/2,600 to 1/3,000 live births (Lammert, Friedman, Kluwe, & Mautner, 2005) , and is caused by a loss-of-function mutation in the NF1 gene (>95%), encoding an inhibitor of the pathway. NS affects between 1:1,000 and 1:2,500 live births (Tartaglia, Zampino, & Gelb, 2010) . About 50% of affected individuals show a mutation in the PTPN11 gene , but a number of other genes can hold causal mutations like SOS1 (Lepri et al., 2011) , NRAS, KRAS, BRAF, SHOC2, RAF1 , RIT1 (Aoki et al., 2013) , and CBL (Martinelli et al., 2010) , and other less common causal genes are continuing to emerge.
| Cognitive and social skills in RASopathies
ID is highly variable among the RASopathies, and between affected individuals within a disorder. Some cognitive delay or disability in CFC is usually seen in affected individuals (Niihori et al., 2006) , even though it can range from mild to severe, and 70% of CS subjects show ID (Axelrad et al., 2009 ). The intellectual impairment in NF1 is less penetrant, ranging from normal intelligence quotient (IQ) to severe learning disabilities (Hyman, Shores, & North, 2005) . NS is also associated with a variable IQ, ranging from a mild intellectual impairment to normal cognitive functioning (Acosta, Gioia, & Silva, 2006; Wingberm€ uhle et al., 2012) .
A 2014 study (Alfieri et al., 2014) showed that although some differences could be identified between RASopathies in externalizing scale disorders and social or attention problems, these disorders globally presented an increased risk of psychopathological issues and underdiagnosed autistic traits. The Ras/MAPK signaling pathway has been associated with autism spectrum disorder (ASD) risk (H erault et al., 1993; Pinto et al., 2010; Wen, Alshikho, & Herbert, 2016) .
Moreover, RASopathies are associated with increased qualitative and quantitative ASDs (Adviento et al., 2014; Constantino et al., 2015; Garg et al., 2015; Morris et al., 2016; Walsh et al., 2013 ).
| Temperament and personality traits
When it comes to temperament and personality, individuals with CS are considered to be highly sociable and happy, despite an excessive shyness and a hypersensitivity, which may disappear after 2-4 years of age (Kawame et al., 2003) . They also show low adaptive scores in socialization and daily living skills based on the parent-rated Child Behavior Checklist, the Peabody Picture Vocabulary Test III, and the Vineland adaptive behavior questionnaire (Axelrad, Glidden, Nicholson, & Gripp, 2004) . Children with NF1 have been described as more dependent and irritable, scoring low on conscientiousness and
openness on the California Child Q-Set (which includes the five-factor model used in this study) (Prinzie et al., 2003) . They also are subject to anxiety and dysthymia according to the Comprehensive Psychopathological Rating Scale and Karolina scales of Personality Inventory and self-evaluation scales (Samuelsson & Riccardi, 1989; Z€ oller & Rembeck, 1999) . Although the childhood delay in language and motor development often appear to be no longer present in adulthood in NS, the affected individuals still present a specific profile, with a psychosocial immaturity, alexithymia, and amenable traits in a retrospective study (Wingbermuehle, Egger, van der Burgt, & Verhoeven, 2009 ).
Most of these descriptive studies of genetic syndromes have not utilized the most standard formal assessment of personality, the Big Five Questionnaire (BFQ). From a very exhaustive and complex taxonomy of personality (Allport & Odbert, 1936; Norman, 1967) compiled into dimensional traits (Barrett & Eysenck, 1984; Eysenck, 1953) , previous studies have eventually come to an optimized model of five orthogonal dimensions in the description of personality traits (Widiger & Costa, 1994) , whose robustness to replicated analysis (Digman, 1989 (Digman, , 1990 ) eventually made them known as the "Big Five" (Goldberg, 1990 (Caprara, Barbaranelli, Borgogni, & Perugini, 1993) . Those traits can be evaluated from the subject's reactions, behavior and choices, or expressed feelings. The five-factor model was used in the Diagnostic and Statistical Manual of Mental Disorders (Widiger & Costa, 1994) , to eventually embrace a trait-based taxonomy of personality pathology, as it proved to be suited for the delineation of normal and abnormal personality features (Costa & McCrae, 2010; Widiger & Costa, 2012) . The children's version of the Big Five questionnaire (BFQ-C) proved to have a clear-cut factor structure, good internal consistency, and sufficient validity (Muris, Meesters, & Diederen, 2005) . Analyzing personality in a large cohort of individuals with multiple RASopathies has never been done before, and could ascertain the differences and common features between and among CFC, CS, NF1, and NS.
| Sense of humor
As explained in The Sense of Humor: Explorations of a Personality Characteristic (Ruch, 2007) , sense of humor can be described as a fivedimensional trait, including cognitive, motivational, emotional, social, and behavioral components, addressing some of the Big Five factors (e.g., cognitive humor related to openness, motivational humor related to agreeableness). Heritability in humor styles has been assessed, and those studies concluded that the positive component of humor was essentially heritable, and correlated to some of the Big Five factors (Martin, Puhlik-Doris, Larsen, Gray, and Weir, 2003; Mendiburo-Seguel, P aez, & Martínez-S anchez, 2015; Vernon, Martin, Schermer, & Mackie, 2008) . As humor can be a prominent factor in self-fulfillment and social development, we wanted to assess humor as part of describing a genetic personality profile in the RASopathies.
| Purpose of the study
The objective of our present study was to assess the five personality factors and sense of humor in individuals with RASopathies and a control group of unaffected siblings. On the basis of the previous observations of behavior and personality traits in individual RASopathies, our primary hypothesis was that personality profiles would show differences between RASopathies, considered together, and sibling controls. If so, we sought to further determine whether a common personality profile can be defined among CFC, CS, NF1, and NS in response to their common underlying biological background and/or whether disorderspecific profiles exist. The existence of association between personality traits and monogenic disorders may lead to better understanding of the biological mechanisms underlying personality in the general population. In total, 135 subjects (60 females, 75 males) were evaluated by one of their parents, including 80 RASopathy subjects and 55 sibling controls:
21 CFC subjects, 14 of which had one unaffected sibling evaluated, 23 CS subjects (17 sibling controls), 19 NF1 subjects (10 sibling controls), and 17 NS subjects (14 sibling controls). In families with several available siblings, the closest in age was chosen to be included in the study. The mean age of the recruited probands was 12.8 years old, with a deviation of 9.4 years in the total sample (Supporting Information Table S1 ). The ages ranged from 2 to 39 for cases and from 3 to 43 for sibling controls.
No significant difference was observed in ages between the groups. In case the inclusion of adults (4 subjects over 15 years old in the CFC group, 7 for CS, 6 for NF1, 4 in NS, and 14 in the control group) biased our analyses, we compared mean personality trait scores with adult subjects included or excluded, and found no substantive differences.
All subjects had parents or guardians with fluency in English to complete the questionnaire. Written informed consent was obtained for all participants. This study was approved by the UCSF Human Research Protection Program (CHR #10-02794).
| Methods
The BFQ-C and sense of humor scale for children have been filled out by one parent for each affected child and one of his/her unaffected siblings, when available. The BFQ-C includes a total of 65 questions, with 13 questions per factor, specifically developed to evaluate children using parent-report (Barbaranelli, Caprara, Rabasca, & Pastorelli, 2003) . The BFQ lies on the Likert scale model, built from gradual answers ranking from 1 to 5 (corresponding to "Hardly ever," "Rarely," "Sometimes," "Often," and "Almost always").
The BFQ-C questions were addressed to parents, taking the form of simple assertions about the child's behavioral habits and expected typical reactions and feelings. When the subjects were adults, the parents were asked to fill in the questionnaire based on the behavior shown by their offspring as children. Five questions were used to assess sense of humor, including one already present in the BFQ-C.
The added questions were obtained from a simplified version of the humor styles questionnaire (Ruch, 2007) adapted for younger subjects (James & Fox, 2016) . Average scores were calculated for each question, then for each BFQ factor and sense of humor, and these factors were analyzed independently.
| Missing data
An additional "too young" column let the parent skip the question if it was tackling a situation they have not been able to evaluate yet. The
Cronbach's a reliability coefficient was calculated for each factorspecific subset of questions (Supporting Information Table S2 ), and determined the maximal amount of missing data to be considered as an exclusion criterion (a < 0.70).
| Correlation amongst siblings
Linear regression was performed with sibling-paired samples according to the least squares method by Microsoft Excel, and corresponding pvalues were calculated for each personality factor and sense of humor, and for each disorder.
| Score comparison between groups
The scores for each personality factor were compared across groups using a bilateral Student's test. The significant results from samples counting less than 20 individuals, with uncertain heteroscedasticity according to the Fisher-Snedecor test, or challenging the normal hypothesis by their skewness and kurtosis parameters, were confirmed by a Wilcoxon-Mann-Whitney test, using the UCLA Statistics Online Computational Resource.
| Analysis of variance amongst disorders
One-way and two-way ANOVA (analysis of variance) were performed using the "car" package of R 3.3.0 software, using the type II sum of squares to take into account the unbalanced sizes of each group. The two-way ANOVA was done using Pillai's criterion with respect to the sibling's potential similarities. Two sets of analyses were performed, the first on the variances between all the groups, including the control group, and a second one between the four RASopathies only. The same design was used to perform both one-way and two-way MAN-OVA, combining the results of the six factors to detect a significant personality profile. The RASopathy group results were compared to the control group results, and each RASopathy was then compared to the three remaining syndromes using a two-way MANOVA.
| Gender
To assess the potential effect of gender on the results, gender-specific mean scores were retrieved for each personality factor, and groups were compared using simple and multivariate analysis of variance (ANOVA and MANOVA). No significant difference was found between males and females from each group on any personality factor, nor on a combined personality profile, so this variable was not considered further.
| Principal component analysis by personality factors, and by questions
A principal component analysis (PCA) was performed using R statisti- Table 1 .
To assess whether RASopathies exhibited common personality traits, we first determined whether any of the five groups, including the control group, was distinct compared to the others in an ANOVA.
Comparing the scores of the five groups confirmed a difference in extraversion (F 4 5 5.756, p < 10 Table S3 ).
When analyzing each RASopathy individually by Student's tests to determine if each contributed equally to group differences from controls, all of them appeared to score lower than the control group on extraversion and openness. They also showed low scores on conscientiousness, except for the NS group, which showed no difference with the control group (T 70 5 120, p 5 .233), while scoring significantly higher than the three other RASopathies taken together (T 128 5 2.51, p 5 .013). Although no difference from control siblings was observed for CFC, CS, and NF1 on sense of humor, the NS subjects also scored significantly lower than the control group (T 70 5 2.13, p 5 .037) ( Figure   1a ,b and Supporting Information Figure S1 ).
When making comparisons amongst RASopathies to determine whether distinct syndrome-specific strengths and weaknesses might exist, NS showed more conscientiousness than CFC (T 31 5 2.09, p 5 .045) and CS (T 38 5 2.16, p 5 .037), and higher openness than CFC (T 31 5 2.49, p 5 .018). We noted that CS subjects had higher scores than the other RASopathies on agreeableness (T 132 5 2.13, p 5 .035) ( Table 2) .
| Genotype-phenotype correlation
We observed considerable variation for each personality component within each RASopathy. Knowledge of specific disorder mutations within-syndrome has proven critical for understanding the expression variation of RASopathies in cognitive profiles, for example, indicating genotype-phenotype correlation with respect to pathogenic mutations (Cesarini et al., 2009 ). In our 135 participants, 48 had a known molecular diagnosis (20 CFC, 17 CS, 2 NF1, and 9 NS, Supporting Information Table S4 ). Most CS subjects carry an HRAS p.G12S mutation (14/17).
We observed that two CS individuals with the HRAS p.G13D mutation Another CS subject with HRAS p.P174S mutation showed the reverse profile with a high score in neuroticism and low scores in the other traits (Supporting Information Figure S2 ). No remarkable patterns by mutation were observed for NS or CFC. Unfortunately, these few observations are insufficient for a rigorous genotype-phenotype analysis.
| Correlation between siblings
We next wanted to assess the contribution of background genetics to within-disorder variation, distinct from the effects of a RASopathy mutation. Thus, we measured correlation between RASopathy affected-unaffected sibling pairs for each personality dimension. We expect that despite different mean scores between affected and unaffected siblings, traits with high polygenic heritability in the presence of a RASopathy will show strong sibling correlation.
Agreeableness, extraversion, conscientiousness, and openness were found correlated between affected subjects and their siblings to a greater extent for the NF1 and the NS groups than for CFC and CS. In particular, openness was found to be highly correlated between subjects with NF1 and their siblings (R 2 5 0.62, p 5 .007) (Supporting Information Figure S3a ). Neuroticism showed no correlation for CFC and NF1 families, and showed modest (nonsignificant) estimates for NS (R 2 5 0.19, p 5 .115) and CS (R 2 5 0.12, p 5 .170) families. Only NS showed some correlation between siblings in sense of humor (R 2 5 0.30, p 5 .04), despite the greatest mean difference for this trait (see above) (Supporting Information Figure S3b ).
| Personality profile, by trait
Big Five factors and sense of humor are components of a more holistic personality profile, which we analyzed as one multidimensional trait to determine whether specific personality profiles can be associated with
RASopathies. The MANOVA obtained from the combined personality traits concluded that the RASopathy group and the sibling group demonstrated a significantly different personality profile (p < 10
27
). The MAN-OVA analysis utilizes the linear combination of component traits that maximizes the group differences. When analyzing the RASopathy groups together, no difference was observed amongst RASopathies. Correlation between traits is presented in Supporting Information Table S5 .
We next tried to confirm the subtler disparities within RASopathies we had observed for specific traits with pairwise MANOVA.
When comparing only two groups to one another, the calculation is optimized for the two groups and can reveal differences which could not be observed among the four disorders. Here, we observed that the CS individuals expressed a different profile from NF1 (F 6 5 3.582, p 5 .005), and from NS (F 6 5 2.881, p 5 .017) (Supporting Information   Table S6 ).
A principal component analysis calculated from each group and subgroup on the personality traits was used to define and visualize the differences observed between the personality profiles. Some consistent patterns were observed in the relationships between traits Table S7 ).
| Personality profile, by questions
Although the Big Five are usually considered as independent factors, with each question contributing equally to a trait, we do not know whether these underlying assumptions remain valid within these syndromic conditions. When looking at questions independently instead of summarized traits, differences driven by specific questions within each trait could become evident. Using a PCA to define a personality profile without averaging the questions into personality traits was an attempt to reveal similarities and differences between the RASopathy groups in a more granular way, and confirmed a significant difference between case and control coordinates on the first principal component (p < 10 24 ) (Supporting Information Figure S4 and Table S8 ). In this case, where it is an outlier compared with other questions about general agreeableness, it may indicate instead gullibility or a behavioral feature of potential concern. This possibility provides a good example of how thorough analysis of personality in even larger genetic syndrome datasets could be informative about specific traits. 
| D I SCUSSION
Our aim in this study was to determine whether RASopathies are associated with a distinct personality profile, implicating the Ras/MAPK pathway in the biology of personality. Using a variety of analytical approaches, we identified significant differences between subjects with RASopathies and control siblings on individual personality traits, on a multivariate personality profile, and by principal component analyses of personality data. Across each of these levels of analysis, the four RASopathy groups showed significant similarity to each other, indicating the existence of a cohesive Ras/MAPK-driven personality profile.
| The personality profile of RASopathies
Although the differences between RASopathy and control siblings were highly significant and consistent across analyses, they showed specificity in the aspects of personality affected. While extraversion, conscientiousness, and openness showed an evident shift from the control scores, sense of humor was only slightly different compared with controls, and neuroticism did not show any significant difference across our analyses. Neuroticism (or emotional instability) has been associated with dysthymia, major depression, and anxiety (Bienvenu et al., 2004) . Although individuals with a RASopathy have been reported to be at higher risk for anxiety disorders, especially for CS (Axelrad, Schwartz, Katzenstein, Hopkins, & Gripp, 2011) and NF1 (Wang et al., 2012) , our observation suggests that anxiety within RASopathies is not the result of a general shift in personality, so may indicate a distinct subtype of anxiety not driven by neuroticism.
In a previous study utilizing a different questionnaire to evaluate the Big Five in 44 NF1 subjects compared with unaffected controls (Prinzie et al., 2003) , a very similar profile to our observation emerged (extraversion and conscientiousness were much lower compared with controls, openness, and neuroticism were modestly different from controls, and agreeableness was similar). Such a highly consistent pattern shows the robustness of this type of analysis. Minor differences in the level of significance found for each comparison could have arisen by differences in power due to sample size or differences in the age distribution, known to impact neuroticism in particular (Ib añez et al., 2016; Magan, Mehta, Sarvottam, Yadav, & Pandey, 2014) .
Despite the ostensible common personality profile across RASopathies, some unique features among RASopathies were noted. We consistently found lower scores on humor for NS, and a significantly distinct personality profile between CS subjects and NF1 or NS subjects documented by the two-way MANOVA. However, those differences did not contribute to the major axes of variation in the personality profile, thus did not have a large effect on overall similarity of profiles across RASopathies. The modest inter-RASopathy differences did not follow a pattern consistent with overall severity (medical, cognitive, dysmorphism) of the four syndromes, with NF1 and NS generally having milder presentations and CS and CFC more severe manifestations, with sense of humor being a key example where CS was most similar to controls and NS most different. Although the IQ was not available for all our participants, we know that no correlation has been observed between IQ and any of Big Five factors in a study comparing two populations of low and high IQ (Waiyavutti, Johnson, & Deary, 2012) , or for instance in the particular case of NF1 (Prinzie et al., 2003) . These observations suggest that personality can be evaluated independently from intellectual ability. This result would have been extremely interesting to confirm in our own population of subjects, and we regret that we could not obtain IQ data. In our study, Further studies including more individuals and using a more thorough evaluation of humor, using more complete tools such as the Humor Styles Questionnaire, might lead to novel insights into sense of humor in CS.
The analysis of each question showing a significant difference between RASopathies and controls (Supporting Information File 1) can provide a better insight into the specific needs and strengths that specialists can consider in order to improve patient care, patient experience, and educational opportunities. For instance, children with RASopathies might be explicitly taught to notice others' struggles, and encouraged to propose their help, which could also contribute to their own well-being and social adjustment. Teachers could be encouraged to utilize the individual's will to learn and discover for engagement in order to instill additional self-confidence. Clinicians could relate to their patients via humor in order to build trust and form strong provider relationships.
| Heritability
Twin studies showed evidence for some heritability of the Big Five factors, ranging from 41% for neuroticism, to 61% for openness (Jang et al., 1996; Martin et al., 2000) . The influence of a shared environment has proved to be negligible for neuroticism (Lake, Eaves, Maes, Heath, & Martin, 2000) , and the trait tended to be more driven by additive and dominant genetic effects than familial influence (Eaves et al., 1999) . Our study provides evidence that high-impact genetic mutations can influence personality and sense of humor.
Further, sibling correlation supports a polygenic contribution to some traits even in the presence of dominant mutation. Significant correlations between siblings for openness in NF1 and sense of humor in NS were observed in our study, notably in the syndromes with milder clinical severity. The relatively low correlations we found between siblings for the other personality traits and RASopathies might be due to low power, considering the small sample sizes for complex trait analysis. Alternatively, lack of sibling correlation could indicate an epistatic effect of the RASopathy mutation obscuring polygenic contribution to these traits found in the general population.
| Genotype-phenotype correlation
A remaining question we were unable to address in this study is the impact of allelic heterogeneity within each syndrome. Only a subset of the subjects in our study (48 of 135) had molecular diagnostic information, and power was additionally limited by the distribution of mutations. Only two NF1 mutations were known, and for CS and CFC one common mutation accounts for most individuals, so not enough variation is present. NS is complicated by the many genes and many alleles that can be pathogenic. Despite low power to perform conclusive analyses, several CS individuals carrying rare mutations exhibited notably distinct profiles, so larger future studies may confirm the impact of specific disorder mutations.
| Limitations
In order to maximize sample size, we have relied upon a single, relatively short questionnaire for this study and do not have multiple independent assessments. We also encountered classical limitations (Mash & Johnston, 1983) related to questionnaires filled out by parents (as opposed to a single examiner) including debatable objectivity, differences in individual perception of a personality trait, and the difficulty for a parent in comparing a child with a chronic condition to an unaffected sibling. RASopathy symptoms and needs can both influence the way others interact with an individual and vary over time, which makes the comparison with controls and at different ages more challenging. In addition, personality itself can evolve or change over time, so the specific characteristics we noted may be influenced by the age distribution of our subjects. However, as the control siblings were well-matched for age, we expect the group differences we observed to be robust and valid.
In order to reduce the cumbersomeness of the questionnaire, only a subset of the humor styles questionnaire was used, thus although the subset was validated compared with the larger set, our interpretations with respect to humor may be less informed compared with other traits. Based on results of previous studies (Waiyavutti et al., 2012) , IQ has not been collected or considered as a confounding factor here.
However, IQ data might have been useful to confirm that personality and IQ were not correlated in this study. The recruitment of patients affected with rare diseases (and a sibling for some analyses) limits our sample sizes and thus power to detect modest effects. This small sample size could have limited the significance of some results, especially for the PCA performed on the set of 69 questions.
| Unique features of the study
Our study had a number of novel elements. First, in addition to personality, we evaluated sense of humor using a standardized measure. To our knowledge, this is the first study to evaluate sense of humor as an important adaptive trait in individuals with genetic syndromes. Second, we not only evaluated single gene disorders, but also chose to group and compare syndromes affecting different components of the Ras/ MAPK pathway to define how a critical signaling pathway could play a role in the development of personality. This could be particularly informative because RASopathies are thought to have gain-of-function in the Ras/MAPK pathway, so might have more specific consequences than loss-of-function monogenic disorders. Finally, in addition to evaluating each personality and humor trait in isolation, our multivariate approaches allowed us to describe a multidimensional personality profile for a comprehensive perspective, refined by an analysis of the results for each of the 69 questions.
| C ONC LUSI ON S
Individuals with a mutation in the Ras/MAPK pathway present a common personality profile, which could lead to a better understanding of the physiological underpinnings of personality. Our strong and consistent results suggest that utilizing Mendelian genetic disorders with known single-gene mutations is a powerful approach to identifying genetic determinants of a personality profile. As these syndromerelated genes are now identified as contributing to agreeableness, openness, extraversion, conscientiousness, and humor (Power & Pluess, 2015; Vinkhuyzen et al., 2012) , pathway-based analyses investigating the potential contribution of common variation in the Ras/MAPK pathway to personality and humor in the general population could be fruitful. Moreover, understanding the specific personality profile for a given disorder, even within RASopathies, could lead to better support, adapted teaching and inclusive education for individuals with genetic syndromes, as well as more holistic genetic counseling for families.
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